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(54) Semiconductor package integral with semiconductor chip and method of manufacturing 
thereof 



(57) A semiconductor chip (10) having a semicon- 
ductor substrate (11). a plurality of pads (12) formed 
above the semiconductor substrate a first passivating 
film (1 3) formed over an entire surface of the semicon- 
ductor substrate, and having openings (14) above the 
pads the surface of the first passivating film being flat, a 
plurality of interconnection lines (1 5) formed on the sur- 
face of tiie first passivating film (13), a second passivat- 
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ing film (16) formed over the entire surface of the first 
passivating film (13) and having through holes (17). the 
through holes being arranged in the form of an array, the 
sur^ce of the second passivating film being flat, a plu- 
rality of contacts (19) for connection to external leads 
each of the contacts being formed within and above a 
respective one of the through holes (17), the contacts 
being arranged in the form of an array. 
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Description 

The present invention relates to semiconductor chip 
packaging techniques. 

Conventionally, semiconductor products undergo 
such various manufacturirtg processes as shown in FIG. 
74 for their completion. The assembly process of incor- 
porating a semiconductor chip into a semiconductor 
package is essential as one of nnanufacturing processes 
for completing semiconductor products. 

The ot^ject of the assembly process is to facilitate 
signal communications between components formed in 
a semiconductor chip and components or devices exter- 
nal to the semiconductor chip, protect the semiconductor 
chip from humidity and external force, etc. 

Some of conventional assembly processes incorpo- 
rate a semiconductor chip into a semiconductor package 
such as a thin small outline package (TSOP), a tape car- 
rier package (TCP), or the like. 

However, the semiconductor package itself has no 
function. The cost required for the assent>ly process 
causes an increase in the cost of semiconductor prod- 
ucts. The size of semiconductor products depend on the 
size of semiconductor packages, which imposes limita- 
tions on reductions in the size of semiconductor prod- 
ucts. 

It is an c^ect of the present invention to provide a 
semiconductor package integral with a semiconductor 
chip. 

Another object of the present invention is to reduce 
the cost of semiconductor products by excluding the con- 
ventional assembly process. 

Still another object of the present invention is to 
reduce the size of semiconductor products by making 
semiconductor products equal to the semiconductor chip 
size. 

According to an aspect of the present invention, a 
semiconductor package includes a semiconductor chip, 
a plurality of interconnection lines, a second passivating 
film, and a plurality of contacts for connection to external 
leads. 

The semicorxluctor chip comprises a semiconduc- 
tor substrate, a plurality of pads formed above the sem- 
iconductor substrate, and a first passivating film formed 
over the entire surface of the semiconductor substrate 
and having openings each formed over a respective one 
of the pads. The surface of the first passivating film is 
made flat 

The interconnection lines are formed on tiie surface 
of the first passivating film. Each of the interconnection 
tines is connected to a respective one of the pads. 

The second passivating film is formed over the errtire 
surface of the first passivating film and has through holes 
above tfie respective interconnection lines. The through 
holes are arranged in the form of an array TTie surface 
of the second passivating film is made flat. 

The contacts for connection to external leads are 
formed within and above the respective through holes. 
The contacts are arranged in the form of an array. 



A semiconductor package of the present invention 
includes a semiconductor chip, a plurality of interconnec- 
tion lines, a secorxJ passivating film, and a plurality of 
contacts for connection to external leads. 

5 The semiconductor chip comprises a semiconduc- 

tor substrate, a plurality of pads formed above the sem- 
iconductor substrate, and a first passivating film formed 
over the entire surface of the semicorxluctor substrate 
and having evenings each formed over a respective one 

w of the pads. The surface of tiie first passivating film is 
made flat. When viewed from above the semiconductor 
substrate, the edges of the first passivating film exist 
inside the edges of the semicorKluctor substrate. 

TTie interconnection lines are formed on the surface 

15 of the first passivating film. Each of the interconnection 
lines is connected to a respective one of the pads. 

The second passivating film is formed to overlie the 
edges of the semiconductor sub>strate and the surface 
and sides of the first passivating film and has through 

20 holes above the respective interconnection lines. The 
through holes are an-anged in the form of an array. The 
surface of the second passivating film is made flat. 

The contacts for connection to external leads are 
formed within and above the respective through holes. 

25 The contacts are arranged in the form of an array. 

Another semiconductor package of ^e present 
invention includes a semicorxiuctor chip, a plurality of 
interconnection lines, a secorvJ passivating film, and a 
plurality of contacts for connection to external leads. 

30 The semiconductor chip comprises a semiconduc- 
tor substrate, a plurality of pads formed above the sem- 
iconductor substrate, and a first passivating film formed 
over tiie entire surface of the semiconductor substrate 
and having openings each formed over a respective one 

35 of the pads. The surface of the first passivating film is 
made flat. When viewed from above the semicorxluctor 
substrate, the edges of the first passivating film exist 
inside the edges of the semiconductor substrate. A 
groove is formed in portions of the semiconductor sub- 

40 strate which are located between the edges of the first 
passivating film and the edges of the semiconductor sub- 
strate. 

The interconnection lines are formed on the surface 
of the first passivating film. Each of tiie interconnection 

45 lines is connected to a respective one of the pads. 

The second passivating film is formed to overlie the 
edge portions of the semiconductor substrate arxl the 
surface and sides of the first passivating film and has 
tiirough holes above tiie respective interconnection 

50 lines. The tiirough holes are arranged in tiie form of an 
array The surface of the second passivating film is made 
flat. 

The contacts for connection to external leads are 
formed within and above the respective through holes. 
55 The contacts are arranged in the form of an array. 

Still another semiconductor package of the present 
invention includes a semicorxluctor chip, a plurality of 
interconnection lines, a secorxi passivating film, a metal 
layer, and a plated layer. 
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The semiconductor chip comprises a semiconduc- 
tor sul35trate, a plurality of pads formed above the sem- 
iconductor substrate, and a first passivating film formed 
over the entire surface of the semiconductor substrate 
and having openings each formed over a respective one 
of the pads. The surface of the first passivating film is 
made flat. 

The interconnection lines are formed on the surface 
of the first passivating film. Each of the interconnection 
lines is connected to a respective one of the pads. 

The second passivating film is formed over the entire 
surface of the first passivating film and has through holes 
above the respective interconnection lines. The through 
holes are arranged in the form of an array. The surface 
of the second passivating film is made flat. 

The metal layer is formed on the bottom and sides 
of each of the through holes. 

The plated layer is formed within and above each of 
the through holes. The plated layer forms contacts for 
connection to external leads over the respective through 
holes, which are an-anged in the form of an array. 

A semiconductor package manufacturing method of 
the present invention comprises the steps of forming a 
plurality of pads on each of semiconductor chip areas of 
a wafer, forming a first passivating film to overlie the 
pads, forming openings in portions of thef irst passivating 
film which are located above the pads, forming a plurality 
of interconnection lines on the first passivating film, form- 
ing a second passivating film functioning as a package 
on the first passivating film, forming through holes in por- 
tions of the secorxi passivating film which are located 
above the respective interconnection lines and arranged 
in the form of an array, forming a conductive layer within 
and above the through holes and on the second passi- 
vating film, patterning the conductive layer to form con- 
tacts for connection to external leads over the respective 
through holes, and cutting the wafer into the semicon- 
ductor chip areas to thereby form semiconductor pack- 
ages tiie size of the semiconductor chip areas. 

Another semiconductor package manufacturing 
method of the present invention comprises the steps of 
forming a plurality of pads on each of semiconductor chip 
areas of a wafer, forming a first passivating film to overlie 
the pads, forming openings in portions of the first passi- 
vating film which are located above the respective pads, 
etching the first passivating film to leave it only within the 
semiconductor chip area, forming a plurality of intercon- 
nection lines on the first passivating film, forming a sec- 
ond passivating film functioning as a package over the 
entire surface of the semiconductor chip area to overlie 
the surfece and sides of the first passivating film, forming 
through holes in portions of the second passivating film 
which are located above the respective interconnection 
lines and arranged in tiie form of an array, forming a con- 
ductive layer within arKi above the through holes and on 
the second passivating film, patterning the corujuctive 
layer to form contacts for connection to external leads 
over the respective through holes, and cutting the wafer 
into the semiconductor chip areas to tiiereby form sem- 



iconductor packages the size of the semiconductor chip 
areas. 

Still another semicorxluctor package manufecturing 
method of the present invention conprises ttie steps of 

5 forming a plurality of pads on each of semiconductor chip 
areas of a wafer, forming a first passivating film to overlie 
the pads, forming first openings in portions of the first 
passivating film which are located at>ove the respective 
pads, etching the first passivating film to leave it only 

10 within the semiconductor chip area, forming a plurality of 
interconnection lines on the first passivating film, forming 
a second passivating film functioning as a package over 
tiie entire surface of tiie semicortductor chip area to over- 
lie the surface and sides of the first passivating film, form- 

15 ing through holes in portions of the second passivating 
film which are located above the respective interconnec- 
tion lines and arranged in the form of an array, forming a 
metal layer at the bottom and on sides of the through 
holes and on the second passivating film, forming a resist 

20 layer on the metal layer, renxyving the resist layer over 
the through holes to form second openings, forming a 
plated layer within the through holes and the second 
openings by means of electroplating using the metal 
layer as a plating electrode to thereby form contacts for 

25 connection to external leads over the respective through 
holes, and cutting the wafer into the semiconductor chip 
areas to ther^y form semiconductor packages the size 
of the semiconductor chip areas. 

This invention can be more fully understood from the 

30 following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a plan view of a semiconductor package 
according to a first embodiment of the present inven- 
35 tion; 

FIG. 2 is a sectional view taken along line II - II of 
FIG. 1 : 

FIG. 3 is a plan view illustrating one step of manu- 
fecture of the package of FIG. 1 ; 
40 FIG. 4 is a plan view illustrating one step of manu- 
fecture of the package of FIG. 1 ; 
FIG. 5 is a sectional view taken along line V - V of 
FIG. 4; 

FIG. 6 is a plan view illustrating one step of manu- 
45 facture of the package of FIG. 1 ; 

FIG. 7 is a sectional view taken along line VII - VII 
of Fig. 6; 

FIG. 8 is a plan view illustrating one step of manu- 
facture of the package of FIG. 1 ; 
so FIG. 9 is a sectional view taken along line IX - IX of 
FIG. 8; 

FIG. 10 is a plan view illusti-ating one step of manu- 
facture of the package of FIG. 1 ; 
FIG. 1 1 is a sectional view taken along line XI - XI 
55 of FIG. 10; 

FIG. 12 is a plan view illustrating one step of manu- 
facture of the package of FIG. 1 ; 
FIG. 13 Is a sectional view taken along line XIII - XIII 
of FIG. 12; 
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FIG. 14 is a plan view illustrating one step of manu- 
facture of the package of FIG. 1 ; 
FIG. 15 is a plan view of a semiconductor package 
according to a second embodiment of the present 
invention; s 
FIG. 16 is a sectional view taken along line XVI - XVI 
of FIG. 15; 

FIG. 17 is a plan view illustrating one step of manu- 
facture of the package of FIG. 15; 
FIG. 18 is a sectional view taken along line XVIII - io 
XVIII of FIG. 17; 

FIG. 19 is a plan view illustrating one step of nrianu- 
facture of the package of FIG. 15; 
FIG. 20 is a sectional view taken along line XX - XX 
of FIG. 19; 75 
FIG. 21 is a plan view illustrating one step of manu- 
facture of ttie package of FIG. 19; 
FIG. 22 is a sectional view taken along line XXII - 
XXII of FIG. 21; 

FIG. 23 is a plan view illustrating one step of manu- 20 
facture of the package of FIG. 15; 
FIG. 24 is a sectional view taken along line XXIV - 
XXIV of FIG. 23; 

FIG. 25 is a plan view illustrating one step ol manu- 
facture of the package of FIG. 1 5; ss 
FIG. 26 is a sectional view taken along line XXVI - 
XXVI of FIG. 25; 

FIG. 27 is a plan view illustrating one step of manu- 
facture of the package of FIG. 15; 
FIG. 28 is a plan view of a semiconductor package 30 
according to a third embodiment of the preserrt 
invention; 

FIG. 29 is a sectional view taken along line XXIX - 
XXIX of FIG. 28; 

FIG. 30 is a plan view illustrating one step of manu- ss 
facture of the package of FIG. 28; 
FIG. 31 is a sectional view taken along line XXXI - 
XXXI of FIG. 30; 

FIG. 32 is a plan view illustrating one step of manu- 
facture of the package of FIG. 28; 40 
FIG. 33 is a sectional view taken along line XXXIII - 
XXXIII of FIG. 32; 

FIG. 34 is a plan view illustrating one step of manu- 
^cture of the package of FIG. 28; 
FIG. 35 is a sectional view taken along line XXXV - 45 
XXXV of FIG. 34; 

FIG. 36 is a plan view illustrating one st^ of manu- 
facture of the package of FIG. 28; 
FIG. 37 is a sectional view taken along line XXXVII 
- XXXVII of FIG. 36; so 
FIG. 38 is a plan view illustrating one step of manu- 
facture of the package of FIG. 28; 
FIG. 39 is a sectional view taken along line XXXIX - 
XXXIX of FIG. 28; 

FIG. 40 is a plan view illustrating one step of manu- ss 

facture of the package of FIG. 28; 

FIG. 41 is a plan view of a semiconductor package 

according to a fourth embodiment of the present 

invention; 



FIG. 42 is a sectional view taken along line XLII - 
XLllof FIG.41; 

FIG. 43 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 44 is a sectional view taken along line XLIV - 
XLIVof FIG. 43; 

FIG. 45 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 46 is a sectional view taken along line XLVt - 
XLVI of FIG. 45; 

FIG. 47 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 48 is a sectional view taken along line XLVI II - 
XLVIII of FIG. 47; 

FIG. 49 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 50 is a sectional view taken along line L - L of 
FIG. 49; 

FIG. 51 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 52 is a sectional view taken along line LI I - LI I 
of FIG. 41 ; 

FIG. 53 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 54 is a sectional wew taken along line LIV - LIV 
of FIG. 53; 

FIG. 55 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 56 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 57 is a sectional view taken along line LVII - LVII 
of FIG. 56; 

FIG. 58 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 59 is a sectional view taken along line LIX - LIX 
of FIG. 58; 

FIG. 60 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 61 is a sectional view taken along line LXI - LXI 
of FIG. 60; 

FIG. 62 is a plan view illustrating one step of manu- 
facture of the package of FIG. 41 ; 
FIG. 63 is a plan view of a semiconductor package 
according to a fifth embodi ment of th e present inven- 
tion; 

FIG. 64 is a plan view of a semiconductor package 
according to a sixth embodiment of the present 
invention; 

FIG. 65 is a plan view of a semiconductor package 
according to a seventh embodiment of the present 
invention; 

FIG. 66 is a plan view of a semiconductor package 
according to an eighth embodiment of the present 
invention; 

FIG. 67 is a sectional view illustrating one step of 
mounting the package of FIG. 66 on a printed-circuit 
board; 
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FIG. 68 is a sectional view illustrating one step of 
mounting the package of FIG. 66 on a printed-drcuit 
board; 

FIG. 69 is a sectional view illustrating one step of 
mounting the package of FIG. 66 on a printed-drcuit s 
board; 

FIG. 70 is a plan view of a semiconductor package 
according to a ninth embodiment of the present 
invention; 

FIG. 71 is a plan view of a semiconductor package 
according to a tenth embodiment of the present 
invention; 

FIG. 72 is a plan view of a semiconductor package 
according to an eleventh embodiment of the present 
invention; 

FIG. 73 shows all steps of manufacture of a semi- 
conductor product using a package of the present 
invention; and 

FIG. 74 shows all steps of manufacture of a semi- 
conductor product using a conventional package. 

Heranafter, semicorxJuctor packages of the present 
invention which are integral with semicorKluctor chips 
and methods of manufacture thereof will be described in 
detail with reference to the acconpanying drawings. 

FIG. 1 shows a semiconductor package according 
to a first enisodiment of the present invention, and FIG. 
2 is a sectional diagram taken along line II - II of FIG. 1 . 

First, the structure of this semiconductor package 
will be described. 

For example, a semiconductor chip 1 0 has a square 
shape and measures 1 3.5 mm on a side. Semiconductor 
components having specific functions are formed on a 
semiconductor substrate 11 . A plurality of pads QrpuX 
and output terminals) 12 is formed on ^e substrate 1 1 . 
The pads 12 are connected to the substrate 1 1 . impurity 
regions within the substrate, and semiconductor compo- 
nents. 

When conventional wafer processing (processing of 
forming semiconductor components on a wafer) is used, 
these pads are mainly formed on peripheral portions of 
a semiconductor substrate. In the present invention, 
however, the pads 12 may be placed uniformly over the 
substrate by the use of a novel wafer process. 

Apassivatingfitm 13 is formed on the semiconductor 
substrate 1 1 . This passivat'ng film is the same as that for 
use with the conventional wafer processing and consists 
of an insulating material such as silicon oxide or silicon 
nitride. The passivating film 13 has openings 14 above 
the pads 12. The surface of the passivating film 13 is 
made flat. 

A plurality of interconnection lines 1 5 is formed on 
the passivating film 1 3, which constitutes one of features 
of ttie present invention. The interconnection lines 1 5 are 
connected to the pads 12 immediately below the open- 
ings 14 in the passivating film 13. Each interconnection 
line consists of a conductor such as aluminum or copper. 

A passivating film 16 is formed over the passivating 
film 13, which constitutes one of features of the present 
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invention. This passivating film, which has not been used 
with any conventional wafer process, covers the pads 1 2 
completely. That is, the passivating film 16 will serve as 
a package. 

Thus, the passivating film 16 is set to have a thick- 
ness in the range from 0.05 to 0.2 mm so that it can fully 
serve as a package. The surface of the passivating film 
1 6 is made flat so that electrodes may be formed thereon 
easily 

The passivating film 16 has through holes 17 above 
the metal lines 15. When seen from above the semicon- 
ductor substi-ate 11. the through holes 17 are arranged 
in a grid form or an-ay form. The through holes 1 7 are 
ananged symmetrically with respect to the central point 
a of the surface of the passivation insulating film 16. 

An electrically conductive layer 18 is formed within 
the through holes 17 in tiie passivating film 16 and on 
portions of tiie passivating film 1 6 adjacent to the tiirough 
holes. The conductive layer 18 consists of copper, gold, 
nickel, or a two-layered structijre of nickel and gold. The 
conductive layer 18 constitutes on the surface of the pas- 
sivating film 16 contacts (electrodes) 19 for connection 
to external leads. 

As shown in FIG. 1 , for exanple, a total of 1 44 metal 
contacts is formed in a 1 2 x 12 array at a pitch P of about 
1 mm with each contact having a circular shape of a diam- 
eter L of about 0.5 mm. 

According to the semicorvJuctor package thus 
formed, the back and sides of the semiconductor sub- 
strate 1 1 are used as part of the package and the pas- 
sivating film 1 6 formed over the font of the semiconductor 
substrate is used as part of tine package. 

According to the present invention, therefore, tiie 
semiconductor package can be formed in the wafer proc- 
ess, permitting the assembly process to be excluded as 
shown in FIG. 73. Thus, the semiconductor package of 
the present invention permits the cost of semicorxJuctor 
products (finished products) to be lowered in comparison 
with conventional semiconductor packages requiring tiie 
assembly process. 

The semiconductor device test processing, such as 
functional test, burn- in, eta., shown in FIG. 73 can be per- 
formed readily by connecting a socket to the contacts 1 9, 
providing test signals to semiconductor components and 
faking the test results from the semiconductor compo- 
nents. 

According to the semiconductor package of tiie 
present invention, since tiie back and the sides of tiie 
semiconductor substrate 1 1 are used as part of the pack- 
age, the size of the semiconductor products becomes 
equal to that of the semiconductor si^strate 1 1 . That is, 
the size of the semiconductor products can be 
decreased because the semiconductor package is inte- 
gral with the semiconductor chip. 

Therefore, a number of semiconductor products can 
be mounted on a printed-circuit board at a high density, 
lowering the cost tor the mounting processing shown in 
FIG. 73. 
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The front of the semiconductor substrate 1 1 is com- 
pletely coated wrth the passivating film 16, whereby the 
semiconductor package of the present invention is made 
resistant to humidity and external force. 

A manufacturing method of the semiconductor pack- 
age of FIGS. 1 and 2 will be described hereinafter. 

Rrst as shown in FIG. 3, an LSI structure (including 
semiconductor components) is formed within each of 
semiconductor chip regicns C of a wafer 51 by means of 
the standard wafer processing. 

As shown in FIGS. 4 and 5, which are enlarged views 
of the portion A of FIG. 4, a plurality of pads 1 2 is formed 
on each semiconductor chip region C. With the conven- 
tional wafer process, these pads are formed mainly in 
peripheral portions of the semiconductor substrate 1 1 . 
In the present invention, however, the pads may be 
formed evenly over the entire surface of frie semiconduc- 
tor substrate by means of a novel wafer process. 

Each semiconductor chip region C, for example, has 
a square shape and measures about 13.5 mm on a side. 
A dicing line 52 is placed between semiconductor chip 
regions C. 

The passivating film 13 is formed on the semicon- 
ductor substrate 1 1 by means of CVD by way of example 
to Wiereby overlie semiconductor components. This pas- 
sivating film 13 is the same as that used in the conven- 
tional wafer processing and consists of an insulating 
material such silicon oxide, silicon nitride or the like. 

After the surface of the passivating film 1 3 has been 
made flat by means of chemical mechanical polishing 
(CMP) by way of example, the passivating film is partly 
etched using a photoetching process (PEP). As a result, 
openings 14 are formed in the passivating film 13 each 
of which reaches the respective individual pads 12. 

Next, as shown in FIGS. 6 and 7, by using sputtering 
techniques by way of example, a conductive layer is 
formed over the entire surface of the passivating film 13. 
By means of PEP, the conductive layer is patterned to 
create a plurality of interconnection lines 15 on the pas- 
sivating film 13. Each interconnection line is connected 
to one of the pads 12 in the passivating film 13 that are 
located immediately below the openings 14. The inter- 
connection line consists of an electrical conductor made 
of aluminum, copper, or the like. 

Next, as shown in FIGS. 8 and 9, the passivating film 

16 is formed over the passivating film 13 at a thickness 
in the range 0.05 to 0.2 mm by means of CVD by way of 
example. The passivating film 16, which is not used in 
conventional wafer processing, covers the pads 1 2 com- 
pletely. That is, this passivating film effects the function 
of packages. 

By means of the CMP method, the surface of the 
passivating film 1 6 is flattened so that electrodes can be 
formed easily. The passivating film 16 is then etched 
partly by means of the PEP method to form through holes 

17 in the passivating film 16 over the interconnection 
lines 15. 

As shown in FIG. 8, the through holes 17 are 
arranged in the form of a grid or array. The holes 17 are 
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arranged in a symmetrical relation vinth respect to the 
center of the surface of the insulating protection film 16. 

Next, as shown in FIGS. 10 and 11. the conductive 
layer 18 is formed over the entire surface of the passi- 

5 vating film 16 by using the sputtering techniques. By 
means of the PEP methods the conductive film 18 is then 
patterned to create, on ttie passivating film, the contacts 
(electrodes) l9for connection to external leads. The con- 
tacts 19 are connected to the interconnection lines 15 

10 immediately below the through-holes 1 7 in the passivat- 
ing film 16. The contact 19 is made of copper, gold, 
nickel, or a two-layered structure of nickel and gold. 

The contacts 19, the number of which is 144, each 
have a circular shape with a diameter of at>out 0.5 mm 

IS and are formed at a pitch of about 1 mm in the form of a 
grid (in a 12 x 12 array). 

Next, ^e wafer is cut along its dicing lines denoted 
at 52 in FIG. 10 using a dicing apparatus, whereby a plu- 
rality of semiconductor chips 10 are obtained. At this 

20 point, semiconductor packages are also conipleted 
simultaneously. 

tn order to round off the edges of the passivation film 
16 as shown in FIG. 14. the semiconductor chip 10 may 
be subjected to heat treatment. 

25 By til e above steps such a semiconductor package 
integrated with a semiconductor chip as shown in FIGS. 
1 and 2 is completed. 

Next, a method of mounting the semiconductor 
pat^ge shown in FIGS. 1 and 2 will be described. 

30 First, as shown in FIG. 63. solder balls 53 are formed 
on the respective contacts 19 for connection to external 
leads of tiie semiconductor package (corresponding to 
a fifth embodiment of the present invention). These sol- 
der balls are provided for easier mounting of tiie semi- 

35 conductor package onto a printed-circuit board. Thus, 
the solder balls are not necessarily needed. 

Next, as shown in FIG. 67. the semiconductor pack- 
age is placed on a printed-circuit board 54 so tiiat the 
solder balls 53 may t>e brought into contact writh prede- 

40 termined portions of leads 55 on the printed-circuit board 
54. The predetermined portions of the leads 55 of the 
printed-circuit board 54 are printed with solder 56. 

' Next, as shown in FIG. 68, the semiconductor pack- 
age (semiconductor chip) 10 and the printed-circuit 

45 board 54 are placed in a ref low furnace 57, then heated 
under predetermined conditions. 

Consequently, the solder melts and solidifies, per- 
mitting each of the contacts 19 of the semiconductor 
package to be connected to a respective one of the leads 

50 55 Of the printed-circuit board as shown in FIG. 69. Thus, 
tiie mounting processing terminates. 

Referring now to FIG. 1 5. there is shown a semicon- 
ductor package according to a second embodiment of 
the present invention. FIG. 16 is a sectional diagram 

55 taken along tine XVt - XVI of FIG. 1 5. 

First, the structure of this semiconductor package 
will be desaibed. 

A semiconductor chip 10 has a square shape and 
measures 13. 5 mm on a side. Semiconductor oompo- 
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nents with specific functions are formed within a semi- 
conductor substrate 11 . A plurality of pads (input and 
output terminals) are formed on the semiconductor sub- 
strate 11. Each pad is connected to the semiconductor 
substrate 1 1 , an impurity region within the substrate, or 
a semiconductor component. 

When using the conventional wafer processing, 
these pads are formed mainly on peripheral portions of 
the semiconductor substrate 11 . In the present invention, 
however, the pads 12 may be placed evenly over the 
entire surface of the semiconductor substrate 1 1 using 
a novel wafer process. 

Apassivatingfilm 13 is formed on the semiconductor 
substrate 1 1 . This passivating film is the same as that 
used in the conventional wafer processing and consists 
of an insulating material such as silicon oxide, silicon 
nitride, or the like. 

The passivating film 13 has openings 14 over the 
pads 1 2. The surface of the passivating film is made flat. 

The edges of the passivating film 13 do not reach 
the edges of the semiconductor substrate 11. That is. 
when viewed from above the substrate, the edges X of 
the passivating film 13 exist inside the edges Y of the 
semiconductor substrate. 

A plurality of interconnection lines 15 is formed on 
the passivating film 1 3, which constitutes one of features 
of the present invention. Each line 15 is connected to a 
respective one of the pads 12 immediately under the 
openings 14. The interconnection line is made of a con- 
ductor such as aluminum, copper or the like. 

A passivating film 16 is formed on the semicorxluctor 
substrate 1 1 and the passivating film 13, which consti- 
tutes one of the features of the present invention. The 
passivating film 16, which is not used in conventional 
wafer processing, covers the pads 12 completely. That 
is, the passivating film 16 functions as a pact^ge. 

Thus, the passivating film 16 is set to have a thick- 
ness sufficient to function as a package, i.e., a thickness 
in the range 0.05 to 0.2 mm. The surface of the passivat- 
ing film 16 is made flat so that electrodes can be easily 
formed thereon. 

The passivating film 1 6 completely covers the edges 
of the passivating film 13. That is, the passivating film 13 
is not exposed to outside. In comparison with the semi- 
conductor package of FIGS. 1 and 2, therefore, the sem- 
iconductor package of the second embodiment is 
improved in moisture resistance because it is made dif- 
ficult for moisture to penetrate into the interior of the sem- 
iconductor chip. 

The passivating film 1 6 has through holes 1 7 above 
the metal lines 15. When seen from above the semicon- 
ductor substrate 1 1 , the through holes 1 7 are arranged 
in a grid form or array form. The through holes 1 7 are 
arranged symmetrically with respect to the central point 
a of the surtece of the passivation insulating film 16. 

An electrically conductive layer 18 is formed within 
the through holes 17 in the passivating film 16 and on 
portions of the passivating film 1 6 adjacent to the through 
holes. The conductive layer 18 is made of copper, gold. 



12 

nickel, or a two-layered structure of nickel and gold. TTie 
conductive layer 1 8 constitutes on the surface of the pas- 
sivating film 16 contacts (electrodes) 19 for connection 
to external leads. 

5 As shown in FIG. 15. for example, a total of 144 

metal contacts is formed in a 12 x 12 array at a pitch P 
of about 1 mm with each contact having a circular shape 
of a diameter L of about 0.5 mm. 

According to tiie semiconductor package thus 

10 formed, the back and sides of the semiconductor sub- 
strate 1 1 are used as part of the package and the pas- 
sivating film 16 formed over the upper surface of the 
semiconductor substrate Is used as part of the package. 
According to the semiconductor package, therefore, 

15 the semiconductor package can be formed in the wafer 
processing, permitting the assembly process to be 
excluded as shown In FIG. 73. Thus, the semiconductor 
package of the present invention permits the cost of sem- 
iconductor products (finished products) to be lowered in 

20 comparison with the conventional semiconductor pack- 
ages requiring the assembly process. 

Hie semiconductor device test processing, such as 
functional test, burn-in, etc.. shown in FIG. 73 can be per- 
formed readily by connecting a socket to the metal con- 

ss tacts 19. providing test signals to semiconductor 
components and taking the test results from the semi- 
conductor components. 

According to the semicorKluctor package, since the 
back and the sides of the semiconductor substrate 1 1 

30 are used as part of tfie package, the semiconductor prod- 
ucts are made equal to the size of the semiconductor 
substrate 1 1 . TTiat is. the size of the semiconductor prod- 
ucts can be decreased because the semiconductor 
package is integral with the semiconductor chip. 

35 Therefore, a number of semiconductor products can 
be mounted on a print ed-circuit board at a high density, 
lowering the cost for the mounting process shown in FIG. 
73. 

The passivating film 1 6 covers conpletely the edges 

40 X of the passivating film 1 3 and contacts the edges Y of 
Uie semiconductor sut>strate 1 1 . Thus, only the interface 
between the semiconductor substrate 1 1 and the passi- 
vating film 16 is exposed to outside, allowing the semi- 
conductor package to be very resistant to humidity and 

45 external force. 

A manufacturing method of the semiconductor pack- 
age of FIGS. 15 and 16 will be described hereinafter. 

Rrst, as shown in FIG. 3, an LSI structure (including 
semiconductor components) Is formed within each of 

so semiconductor chip regions C of a wafer 51 by means of 
the standard wafer processing. 

As shown in FIG. 17 which is an enlarged view of A 
of FIG. 3 and FIG. 18 which is a sectional view taken 
afong line XVIII - XVIII of FIG. 17. a plurality of pads 12 

55 is formed on each semicorKluctor chip region C. With the 
conventional wafer processing, these pads are formed 
mainly in peripheral portions of the semiconductor sub- 
strate 11. In the present Invention, however, the pads 
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may be formed evenly over the entire surface of the sem- 
iconductor substrate by means of a novel wafer process. 

Each semiconductor chip region C, for example, has 
a square shape and measures about 1 3.5 mm on a side. 
A dicing line 52 is placed between semiconductor chip 5 
regions C. 

The passivating film 13 is formed on the semicon- 
ductor substrate 1 1 by means of CVD by way of example 
to therday cover semiconductor components. This pas- 
sivating film 13 is the same as that used in the conven- io 
tional wafer process and consists of an insulating 
material such silicon oxide, silicon nitride or the like. 

After the surface of the passivating film 1 3 has been 
made flat by means of CMP by way of example, the pas- 
sivatingf ilm is partly etched using PEP. As a result, open- is 
ings 14 are formed in the passivating film 13 each of 
w^ich reaches the respective individual pads 12. 

Using the PEP method, the p^sivating film 13 is 
partly etched away to remove the passivating film 13 in 
areas including the area immediately under the dicing 20 
lines 52. As a result, the edges X of the passivating film 
1 3 are placed inside the semiconductor chip region C (its 
edges Y finally become the edges of the semiconductor 
substrate 11). 

Next, as shown in FIGS. 19 and 20, by using the ss 
sputtering method by way of example, a conductive layer 
is formed over the entire surface of the passivating film 
13. By means of PEP. the conductive layer is patterned 
to create a plurality of interconnection lines 15 on the 
passivating film 13. Each interconnection line is con- 30 
nected to one of the pads 12 in the passivating film 13 
that are located immediately below the openings 1 4. The 
interconnection line consists of an electrical conductor 
made of aluminum, copper, or the lil^e. 

Next, as shown in FIGS. 21 and 22, the passivating 35 
film 16 is formed over the passivating film 1 3 at a thick- 
ness in the range 0.05 to 0.2 mm by means of CVD by 
way of example. The passivating film 16, which is not 
used in the conventional wafer processing, covers the 
pads 12 completely That is, this passivating film func- 40 
tions as a package. 

By means of the CMP method, the surface of the 
passivating film 1 6 is flattened so that electrodes can be 
easily formed thereon. The passivating film 16 is then 
etched partly by means of the PEP method to form 45 
through holes 1 7 in the passivating film 1 6 over the inter- 
connection lines 15. 

When viewed from atx>ve the semiconductor sub- 
strate 1 1 , the through holes 17 are arranged in the form 
of a grid or array. The holes 17 are arranged in a sym- so 
metrical relation with respect to the center a of the sur- 
face of the insulating protection film 16. 

Next, as shown in FIGS. 23 and 24, the conductive 
layer 18 is formed over the entire surface of the passi- 
vating film 1 6 by using the sputtering method. By means ss 
of the PEP method the conductive film 18 is then pat- 
terned to create, on the passivating film, the contacts 
(electrodes) 19forconnectiontoexternal leads. The con- 
tacts 19 are connected to the interconnection lines 15 
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immediately below the through holes 1 7 in the passivat- 
ing film 16. The contact 19 is n^de of copper, gold, 
nickel, or a two-layered structure of nickel and gold. 

The contacts 19. the number of which is 144, each 
have a circular shape with a diameter of about 0.5 mm 
and are formed at a pitch of about 1 mm in the form of a 
grid (in a 12 x 12 array). 

Next, the wafer is cut along its dicing lines denoted 
at 52 in FIG. 23 using a dicing apparatus, wherry a plu- 
rality of semicorKluctor chips 10 are obtained. At this 
point, semiconductor packages are also completed 
simultaneously 

In order to rourxf off the edges of the passivation film 
16 as shown in FIG. 27, the semicorKluctor chip 10 may 
be subjected to heat treatment. 

By the above steps such a semiconductor package 
integrated with a semiconductor chip as shown in FIGS. 
15 and 16 is completed. 

Next, a method of mounting the semiconductor 
package shown in FIGS. 15 and 16 will be described. 

Rrst, as shown in FIG. 64, solder balls 53 are formed 
on the contacts 1 9 for connection to external leads of the 
semiconductor package (corresponding to a sixth 
embodiment of thepresent invention). These solder balls 
are provided for easier mounting of the semiconductor 
package onto a printed-drcuit board. Thus, the solder 
balls are not necessarily needed. 

Next, as shown in FIG. 67, the semicorKluctor pack- 
age is placed on a printed-circuit board 54 so that the 
solder balls 53 may be brought into contact with prede- 
termined portions of leads 55 on the pxinted-circuit board 
54. The predetermined portions of the leads 55 of the 
printed-circuit board 54 are printed with solder 56. 

Next, as shown in FIG. 68, the semiconductor pack- 
age (semiconductor chip) 10 and the printed-circuit 
board 54 are placed in a reflow furnace 57, then heated 
under predetermined conditions. 

Consequently, the solder melts and solidifies, per- 
mitting each of the contacts 19 of the semiconductor 
package to be connected to a respective one of the leads 
55 Of the printed-circuit board as shown in FIG. 69. Thus, 
the mounting process terminates. 

Referring now to FIG. 28. there is shown a semicon- 
ductor package according to a third emtxxliment of the 
present invention. FIG. 29 is a sectional diagram taken 
along line XXIX - XXIX of FIG. 28. 

Rrst, the structure of this semiconductor package 
will be described. 

A semiconductor chip 1 0 has a square shape and 
measures 13.5 mm on a side. Semiconductor compo- 
nents with specific functions are formed within a semi- 
conductor substrate 1 1 . A plurality of pads (input and 
output terminals) are formed on the semiconductor sub- 
strate 1 1 . Each pad is connected to the semiconductor 
substrate 1 1 , an impurity region within the sut»strate, or 
a semiconductor conrponent. 

When using the conventional wafer processing, 
these pads are formed n^inly on peripheral portions of 
the semiconductor sut>strate 1 1 . In the present invention. 
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however, the pads 12 may be placed evenly over the 
entire surface of the semtcortductor substrate 1 1 using 
a novel wafer process. 

Apassivatingfilm 13 is formed on the semiconductor 
sut)strate 1 1 . This passivating film is the same as that 5 
used in conventional wafer processing and consists of 
an insulating material such as silicon oxide, silicon 
nitride, or the like. 

The passivating film 13 has openings 14 over the 
pads 1 2. The surface of the passivating film is nnade flat. 

The edges of the passivating film 13 do not reach 
the edges of the semiconductor substrate 1 1 . That is. 
when viewed from above the substrate, the edges X of 
the passivating film 13 exist inside the edges Y of the 
semiconductor substrate. Between the edges X of the 
passivating film 13 and the edges Y of the semiconductor 
substrate 11 is formed a groove 60 along the edges of 
the semiconductor substrate. 

A plurality of interconnection lines 15 is formed on 
the passivating film 13, which constitutes one of features 
of the present invention. Each tine 15 is connected to a 
respective one of the pads 12 immediately under the 
openings 14. The interconnection line is made of a con- 
ductor such as aluminum, copper or the like. 

A passivating film 1 6 is formed on the semiconductor 
substrate 11 and the passivating film 13, which consti- 
tutes one of the features of the present invention. The 
passivating film 1 6. which is not used in the conventional 
wafer processing, covers the pads 12 completely. That 
is, the passivating film 16 functions as a package. 

Thus, the passivating film 16 is set to have a thick- 
ness sufficient to function as a package, i.e., a thickness 
in the range 0.05 to 0.2 mm. The surface of the passivat- 
ing film 16 is made flat so that electrodes can be easily 
formed thereon. 

The passivating film 16 completely covers the edges 
X of the passivating film 13. That is. the passivating film 
1 3 is not exposed to outside. In comparison with the sem- 
iconductor package of FIGS. 1 and 2. therefore, the sem- 
iconductor package of the third embodiment is improved 
in moisture resistance because it is made difficult for 
moisture to penetrate into the interior of the semiconduc- 
tor chip. 

The passivating film 16 has through holes 1 7 above 
the metal lines 15. When seen from above the semicon- 
ductor substrate 1 1 , the through holes 1 7 are arranged 
in a grid form or array form. TTie through holes 17 are 
arranged symmefrically with respect to the central point 
a of the surface of the passivation insulating film 16. 

An electrically conductive layer 18 is formed within 
the through holes 17 in the passivating film 16 and on 
portions of the passivating film 1 6 adjacent to the through 
holes. The conductive layer 18 is made of copper, gold, 
nickel, or a two-layered sti-ucture of nickel and gold. The 
conductive layer 18 constitutes on the surface of the pas- 
sivating film 16 metal contacts (electrodes) 19 for con- 
nection to external leads. 

As shown in FIG. 28. for example, a total of 144 
metal contacts is formed in a 12 x 12 array at a pitch P 



of about 1 mm with each metal contact having a circular 
shape of a diameter L of about 0.5 mm. 

According to the semiconductor package thus 
formed, the back and sides of the semiconductor sub- 
strate 1 1 are used as part of the package and the pas- 
sivating film 16 formed over the front of the 
semiconductor substrate is used as part of the package. 

According to the semiconductor package, therefore, 
the semiconductor package can be formed in the wafer 
process, permitting the assemt^y process to be excluded 
as shown in FIG. 73. Thus, the semiconductor package 
of the present invention permits the cost of semiconduc- 
tor products (finished products) to be lowered in compar- 
ison with the conventional semiconductor package 
requiring the assembly process. 

The semiconductor device test process, such as 
functional test, burn-in, etc., shown in FIG. 73 can be per- 
formed readily by connecting a socket to the metal con- 
tacts 19, providing test signals to semiconductor 
components and taking tiie test results from the semi- 
conductor components. 

According to the semicorKluctor package, since the 
back and the sides of the semiconductor substi-ate 1 1 
are used as part of tiie package, the semiconductor prod- 
ucts are made equal to the size of tiie semiconductor 
substi'ate 1 1 . That is, the size of the semiconductor prod- 
ucts can be decreased because the semiconductor 
package is integral with the semiconductor chip. 

Therefore, a number of semiconductor products can 
be mounted on a print ed-circutt board at a high density, 
lowering the cost for the mounting process shown in FIG. 
73. 

ThQ passivating film 1 6 covers completely the edges 
X of ttie passivating film 1 3 and contacts the edges Y of 
the semiconductor substrate 1 1 . Thus, only the interface 
between the semiconductor substrate 1 1 and the passi- 
vating film 16 is exposed to outside, allowing the semi- 
conductor package to be very resistant to humidity and 
external force. 

A manufactoring method of the semiconductor pack- 
age of FIGS. 28 and 29 will be described hereinafter. 

Rrst, as shown in FIG. 3. an LSI structore (including 
semiconductor components) is formed within each of 
semiconductor chip regions C of a wafer 51 by means of 
the standard wafer process. 

As shown in FIG. 30 which is an enlarged view of A 
of FIG. 3 and FIG. 31 which is a sectional view taken 
along line XXXI - XXXI of FIG. 30. a plurality of pads 12 
is formed on each semiconductor chip region C. With the 
conventional wafer process, these pads are formed 
mainly in peripheral portions of the semiconductor sub- 
strate 1 1 . In the present invention, however, the pads 
may be formed evenly over the entire surface of the sem- 
iconductor substrate by means of a novel wafer process. 

Each semiconductor chip region C, for example, has 
a square shape and measures about 1 3.5 mm on a side. 
A dicing line 52 is placed between semiconductor chip 
regions C. 
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The passivating film 13 is formed on the semicon- 
ductor substrate 1 1 by means of CVD by way of example 
to thereby cover semiconductor components. This pas- 
sivating film 13 is ^e same as that used in the conven- 
tional wafer process and consists of an insulating 
material such silicon oxide, silicon nitride or the like. 

After the surface of the passivating film 13 has been 
made flat by means of CMP by way of exanr^sle, the pas- 
sivating film is partly etched using PEP. Asa result, open- 
ings 14 are formed in the passivating film 13 each of 
which reaches the respective irxlivldual pads 12. 

Using the PEP method, the passivating film 1 3 is 
partly etched away to remove the passivating film 1 3 ar>d 
the semicorKtuctor substrate in areas including the area 
immediately under the dicing lines 52. As a result, the 
edges X of the passivating film 13 are placed inside the 
semiconductor chip region C (its edges Y finally become 
the edges of the semiconductor substrate 11). In the 
semiconductor substrate the groove 60 is formed which 
extends along the dicing lines 52 and has a width greater 
than the width of the dicing lines. The groove is formed 
by overetching the semicorKluctor substrate 11 for the 
purpose of completely removing the passivating film 13 
immediately under the dicing lines 52. 

Next, as shown in FIGS. 32 and 33. by using the 
sputtering method by way of example, a conductive layer 
is formed over the entire surface of the passivating film 
13. By means of PEP. the corKluctive layer is patterned 
to create a plurality of interconnection lines 15 on the 
passivating film 13. Each interconnection line is con- 
nected to one of the pads 12 in the passivating film 13 
that are located immediately below the openings 1 4. The 
interconnection line consists of an elecf ical conductor 
made of aluminum, copper, or the like. 

Next, as shown in FIGS. 34 and 35. the passivating 
film 16 is foamed over the passivating film 13 at a thick- 
ness in the range 0.05 to 0.2 mm by means of CVD by 
way of example. The passivating film 16. which is not 
used in the conventional wafer process, covers the pads 
12 completely. That is, this passivating film functions as 
a package. 

By means of the CMP method, the surface of the 
passivating film 1 6 is flattened so that electrodes can be 
easily formed thereon. The passivating film 16 is then 
etched partly by means of the PEP method to form 
through holes 1 7 in the passivating film 1 6 over the inter- 
connection lines 15. 

When viewed from above the semiconductor sub- 
strate 1 1 . the through holes 1 7 are arranged in the form 
of a grid or array. The holes 17 are arranged in a sym- 
metrical relation with respect to the center a of the sur- 
face of the insulating protection film 16. 

Next, as shown in FIGS. 36 and 37, the conductive 
layer 18 is formed over the entire surface of the passi- 
vating film 1 6 by using the sputtering method. By means 
of the PEP method the conductive film 18 is then pat- 
terned to create, on the passivating film, the contacts 
(electrodes) 1 9 for connection to external leads. The con- 
tacts 19 are connected to the interconnection lines 15 
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immediately below the through holes 17 in the passivat- 
ing film 16. The contact 19 is made of copper, gold, 
nickel, or a two-layered structure of nickel arKi gold. 

The contacts 19, the number of which is 144, each 
5 have a circular shape with a diameter of about 0.5 mm 
and are formed at a pitch of atxtut 1 mm in the form of a 
grid (in a 12 x 12 array). 

Next, the wafer is cut along its dicing lines denoted 
at 52 in FIG. 36 using a dicing apparatus, whereby a plu- 
10 rality of semiconductor chips 10 are obtained. At this 
point, semiconductor packages are also completed 
simultaneously. 

In order to round off the edges of the passivation film 
16 as shown in FIG. 40. the semicorxJuctor chip 10 may 
15 be subjected to heat treatment. 

By the above steps such a semiconductor package 
integrated with a semiconductor chip as shown in FIGS. 
28 and 29 is completed. 

Next, a method of mounting the semiconductor 
20 package shown in FIGS. 28 and 29 will be described. 

Rrst. as shown in FIG. 65, solder balls 53 are formed 
on the contacts 1 9 for connection to external leads of the 
semiconductor package (corresponding to a seventh 
embodiment of the present invention). These solder balls 
25 are provided for easier mounting of the semiconductor 
package onto a printed-circuit laoard. Thus, the solder 
balls are not necessarily needed. 

Next, as shown in FIG. 67, the semiconductor pack- 
age is placed on a printed-circuit board 54 so that the 
30 solder balls 53 may be brought into contact with prede- 
termined portions of leads 55 on the printed-circuit board 
54. The predetermined portions of the leads 55 of the 
printed-circuit board 54 are printed with solder 56. 

Next, as shown in FIG. 68, the semiconductor pack- 
35 age (semiconductor chip) 10 and the printed-circuit 
board 54 are placed in a reflow furnace 57, then heated 
under predetermined conditions. 

Consequently, the solder melts and solidifies, per- 
mitting each of the contacts 19 of tiie semiconductor 
40 package to be connected to a respective one of the leads 
55 of the printed-circuit board as shown in FIG. 69. Thus, 
the mounting process terminates. 

Referring now to FIG. 41 , there is shown a semicon- 
ductor package according to a fourth embodiment of the 
45 present invention. FIG. 42 is a sectional diagram taken 
along line XLII - XLII of FIG. 41 . 

Rrst, the structure of this semiconductor package 
wilt be described. 

A semiconductor chip 10 has a square shape and 
50 measures 13.5 mm on a side. Semiconductor compo- 
nents with specific functions are formed within a semi- 
conductor substa^ate 11. A plurality of pads (input and 
output terminals) is tormed on the semiconductor sub- 
strate 1 1 . Each pad is connected to the semiconductor 
55 substrate 1 1 , an impurity region within the substrate, or 
a semiconductor component. 

When using the conventional wafer process, these 
pads are formed mainly on peripheral portions of the 
semiconductor substrate 1 1 . In the present invention. 
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however, the pads 12 may be placed evenly over the 
entire surface of the semicondLictor substrate 1 1 using 
a novel wafer process. 

A passivating film 13 is formed on the semiconductor 
substrate 1 1 . This passivating film is the same as that s 
used in the conventional wafer process and consists of 
an Insulating materia) such as silicon oxide, silicon 
nitride, or the like. 

The passivating film 13 has openings 14 over the 
pads 12. The surtece of the passivating film is made flat. 

The edges of the passivating film 13 do not reach 
the edges of the semiconductor substrate 1 1 . TTiat is, 
when viewed from above the sut>strate, the edges X of 
the passivating film 13 exist inside the edges Y of the 
semiconductor substrate. Between the edges X of the 
passivating film 13 and the edges Y of the semicorxluctor 
substrate 11 is formed a groove 60 along the edges of 
the semiconductor substrate 1 1 . 

A plurality of interconnection lines 15 is formed on 
the passivating film 1 3, which constitutes one of features 
of the present invention. Each line 15 is connected to a 
respective one of the pads 12 immediately under the 
openings 14. The interconnection line is made of a con- 
ductor such as aluminum, co|;^er or the like. 

A passivating film 16 is formed on the semiconductor 
substrate 11 and the passivating film 13, which consti- 
tutes one of the features of the present invention. The 
passivating film 16, which is not used in the conventional 
wafer processing, covers the pads 1 2 completely. That 
is, the passivating film 16 functions as a package. 

Thus, the passivating film 16 is set to have a thick- 
ness sufficient to function as a package, i.e., a thickness 
in the range 0.05 to 0.2 mm. The surface of the passivat- 
ing film 16 is made flat so that electrodes can be easily 
formed thereon. 

The passivating film 1 6 completely covers the edges 
X of the passivating film 1 3. That is, the passivating film 
1 3 is not exposed to outside. In comparison with the sem- 
iconductor package of FIGS. 1 and 2. therefore, the sem- 
iconductor package of the fourth errtoodiment is 
improved in moisture resistance because it is made dif- 
ficult for moisture to penetrate into the interior of the sem- 
icorKluctor chip. 

The passivating film 1 6 has through holes 1 7 above 
the metal lines 15. When seen from above the semicon- 
ductor substrate 1 1 , the through holes 1 7 are arranged 
in a grid form or array form. The through holes 1 7 are 
arranged symmetrically with respect to the central point 
a of the surface of the passivation insulating film 16. 

A thin layer 31 of metal is formed within the through 
holes 1 7 and on those portions of the passivating film 1 6 
which are adjacent to the through holes. The thickness 
of the metal layer 31 is set sufficiently small in compari- 
son with the size (diameter) of the through holes 1 7. The 
metal layer 31 is made of, for example, titan (about 0.05 
Jim in thickness), nickel (about 0.3 jim in thickness), pal- 
ladium (about 0.1 \im in thickness), or a stacked layer of 
these materials. 
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.A plated layer 32 is formed on the metal layer 31 
within the through holes arxl on the metal layer 31 adja- 
cent to the through holes. TTie plated layer is made of 
copper, gold, nickel or a two-layered structure of nickel 
and gokl. The plated layer constitutes contacts (elec- 
trodes) 1 8 for connection to external leads on the surface 
of the passivating film 16. 

The metal layer 31 functions as a plating electrode 
in forming the plated layer 32 by means of electroplating. 
The metal layer also functions as barrier metal for pre- 
venting diffusion of metallic atoms and alloy reaction. 

As shown in FIG. 41, for example, a total of 144 
metal contacts is formed in a 12 x 12 array at a pitch P 
of about 1 mm with each metal contact having a circular 
shape of a diameter L of about 0.5 mm. The height of the 
metal contacts 19 is set to range from some micrometers 
to 10 micrometers. 

According to the semiconductor package thus 
formed, the back and sides of the semiconductor sub- 
strate 1 1 are used as part of the package and the pas- 
sivating film 16 formed over the upper surface of the 
semiconductor substrate is used as part of the package. 

According to the semiconductor package, therefore, 
the semiconductor package can be formed in the wafer 
process, permitting the assembly process to be excluded 
as shown in FIG. 73. Thus, the semiconductor package 
of the present invention permits the cost of semiconduc- 
tor products (finished products) to be lowered in compar- 
ison with the conventional semiconductor package 
requiring the assembly process. 

The semiconductor device test process, such as 
functional test, burn-in. etc., shown in FIG. 73 can be per- 
formed readily by connecting a socket to the metal con- 
tacts 19, providing test signals to semiconductor 
components and taking the test results from the semi- 
conductor components. 

According to tiie semiconductor package, since the 
back and the sides of the semiconductor substrate 1 1 
are used as part of the package, frie semiconductor prod- 
ucts is made equal to the size of the semicorxjuctor sub- 
strate 1 1 . That is, the size of the semiconductor products 
can be decreased because the semiconductor package 
is integral with the semiconductor chip. 

Therefore, a number of semiconductor products can 
be mounted on a prtnted-circuit board at a high density, 
towering the cost for the mounting process shown in FIG. 
73. 

The passivating film 1 6 covers completely the edges 
X of the passivating film 13 and contacts the edges Y of 
the semiconductor substrate 1 1 . Thus, only the interface 
between the semiconductor substrate 1 1 arxJ the passi- 
vating film 16 is exposed to outside, allowing the semi- 
conductor package to be very resistant to humidity and 
external force. 

Furthermore, since the metal layer 31 serving as the 
plating electrode is placed immediately under the plated 
layer 32, the metal contacts 1 9 can be formed at low cost 
and easily by means of electroplating. 
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A manufacturing metfiod of the semiconductor pack- 
age of FIGS. 41 and 42 will be described hereinafter, 

First, as shown in FIG. 3, an LSI structure (including 
semiconductor components) is formed within each of 
semiconductor chip regions C of a wafer 51 by means of 
the standard wafer (xocessing. 

As shown in FIG. 43 which is an enlarged view of A 
of FIG. 3 and FIG. 44 which is a sectional view taken 
along line XLIV - XLIV of FIG. 43, a plurality of pads 12 
is formed on each semiconductor chip region C. With the 
conventional wafer processing, these pads are formed 
mainly in peripheral portions of the semiconductor sub- 
strate 11 . In the present invention, however, the pads 
may be formed evenly over the entire surface of the sem- 
iconductor substrate by means of a novel wafer process. 

Each semiconductor chip region C, for example, has 
a square shape and measures about 1 3.5 mm on a side. 
A dicing line 52 is placed between semiconductor chip 
regions C. 

The passivating film 13 is formed on the semicon- 
ductor substrate 1 1 by means of CVD by way of example 
to thereby cover semicorKluctor components. This pas- 
sivating film 13 is the same as that used in the conven- 
tional wafer process and consists of an insulating 
material such silicon oxide, silicon nitride or the like. 

After the surface of the passivating film 1 3 has been 
made flat by means of CMP by way of example, the pas- 
sivating film is partly etched using PEP. As a result, open- 
ings 14 are formed in the passivating film 13 each of 
which reaches the respective irxJividual pads 12. 

Using the PEP rnethod. the passivating film 13 is 
partly etched away to remove the passivating film 13 in 
areas including the area immediately under the dicing 
lines 52. As a resutt, the edges X of the passivating film 
1 3 are placed inside the semicorxJuctor chip region C (its 
edges Y finally become the edges of the semiconductor 
substrate 11). 

Next, as shown in FIGS. 45 and 46, by using the 
sputtering method by way of exarrple, a conductive layer 
is formed over the entire surface of the passivating film 
13. By means of PEP, the corxluctive layer is patterned 
to create a plurality of interconnection lines 15 on the 
passivating film 13. Each interconnection line is con- 
nected to one of the pads 12 in the passivating film 13 
that are located immediately below the openings 1 4. TTie 
interconnection line consists of an electrical conductor 
made of aluminum, copper, or the like. 

Next, as shown in FIGS. 47 and 48, the passivating 
film 1 6 is formed over the passivating film 1 3 at a thick- 
ness in the range 0.05 to 0.2 mm by means of CVD by 
way of example. The passivating film 16, which is not 
used in the conventional wafer process, covers the pads 
12 completely. That is, this passivating film functions as 
a package. 

By means of the CMP method, the surface of the 
passivating film 1 6 is flattened so that electrodes can be 
easily formed thereon. The passivating film 16 is then 
etched partly by means of the PEP method to form 



through holes 1 7 in the passivating film 16 over the inter- 
connection lines 15. 

When viewed from above the semiconductor sutj- 
strate 1 1 . the through holes 1 7 are arranged in the form 

5 of a grid or array. The holes 17 are arranged in a sym- 
metrical relation with reject to the center a of the sur- 
face of the insulating protection film 16. 

Next, as shown in FIGS. 49 arid 50, the metal layer 
31 is formed at the bottom and on the sides of the through 

10 holes 1 7 and over the entire surface of the passivating 
film 1 6 (the entire surface of frie wafer) by using the sput- 
tering method. TTie metal layer is formed by depositing, 
for example, a layer of titan of about 0.05 micrometer 
thickness, a layer of nickel of about 0.3 micrometer thick- 

15 ness and a layer of palladium of about 0.1 micrometer 
thickness in sequence. 

Next, as shown in FIGS. 51 and 52, a resist layer 41 
is formed over the entire surface of the metal layer 31, 
then patterned to form openings 42, which are greater in 

20 diameter than the through holes 1 7, in those portions of 
the resist layer which are located over the through holes. 
The openings 52 are made equal in size to the package 
contacts for connection to external leads. 

At the same time, as shown in FIGS. 53 and 54, one 

25 or nnore voltage supplying openings 43 are formed at the 
edge of the wafer 51 . In this example, a single opening 
is formed. The evening 43 may be formed in a predeter- 
mined inside portion of the wafer 51 instead of being 
formed in its edge portion. 

30 Next, as shown in FIG. 55, a plating bath 61 is pre- 
pared which is filled with a predetermined solution. One 
end of a power supply 64 is connected fo the metal layer 
31 of the wafer 51 which is exposed through the opening 
43 with tine other end being connected to a plating elec- 

35 trode 63. After that, the wafer 51 and the plating elec- 
trode 63 are immersed in the solution 62 in the plating 
bath 61. 

In this state, when a switch 65 is closed, the plated 
layer 32 is formed within the openings 42 in the resist 
40 layer 41 , i.e.. on the metal layer 31 within and around the 
through holes 17. 

TTie plated layer 32 can be made of various materi- 
als by changing the solution 62 and the electrode 63. For 
example, the plated layer 32 is made of copper, gold, 
45 nickel, or a two-layered structure of nickel and gold. 

Next, by removing the resist layer 41 . the package 
contacts 1 9 are formed on the surface of the passivating 
film 16 as shown in FIGS. 58 and 59. The contacts 19, 
which are 1 44 in number, each have a circular shape with 
50 a diameter of about 0.5 mm and are formed at a pitch of 
about 1 mm in the form of a grid (in a 12 x 12 array). 

Next, as shewn in FIGS. 60 and 61 , the wafer is cut 
along its dicing tines denoted at 52 in FIG. 58 using a 
dicing apparatus, whereby a plurality of semiconductor 
55 chips 1 0 are obtained. At this point, semiconductor pack- 
ages are also completed simulfaneously. 

In order to round off the edges of the passivation film 
16 as shown in FIG. 62, the semiconductor chip 10 may 
be subjected to heat treatment. 
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By the above st^ such a semiconductor package 
integrated with a semiconductor chip as shown in FIGS. 
41 and 42 is completed. 

Next, a method of mounting the semiconductor 
package shown in FIGS. 41 and 42 will be described. s 

First, as shown in FIG. 66, solder bails 53 are formed 
on the contacts 1 9 for connection to external leads of the 
semiconductor package (corres|3onding to an eighth 
embodiment of the present invention). These solder balls 
are provided for easier mounting of the semiconductor io 
package onto a printed-circuit board. Tlius, the solder 
balls are not necessarily needed. 

Next, as shown in FIG. 67. the semiconductor pack- 
age is placed on a printed-circuit board 54 so that the 
solder balls 53 may be brought into contact with prede- is 
termined portions of leads 55 on the printed-circuit board 
54. The predetermined portions of the leads 55 of the 
printed-circuit board 54 are printed with solder 56. 

Next, as shown in FIG. 68, the semiconductor pack- 
age 10 and the printed-circuit board 54 are placed in a zo 
reflow furnace 57, then heated under predetermined 
conditions. 

Consequently, the solder melts and solidifies, per- 
mitting each of the contacts 19 of the semiconductor 
package to be connected to a respective one of the leads 2s 
55 of the printed-circuit board as shown in FIG. 69. Thus, 
the mounting process terminates. 

FIG. 70 shows a semiconductor package according 
to a ninth emlxxiiment of the present invention. The fea- 
ture of this package is its way of arranging the contacts 30 
1 9 for connection to external leads. 

When viewed from above the semiconductor chip, a 
total of 121 contacts, each of which has a circular shape 
with a diameter of about 0.5 mm, are formed in a grid 
form (11x11 array) at a pitch P of about 1 mm. Thus, 35 
one of the contacts 1 9 is located at the central point a of 
the semiconductor package. Thereby, the contacts 19 
will be arranged symmetrically vwth respect to the central 
point a of the semiconductor package. 

FIG. 71 shows a semiconductor package according 40 
to a tenth embodiment of the present invention, which 
features the way the contacts 19 are arranged. 

When viewed from atxjve the semicorxJuctor chip, a 
total of 121 contacts, each of which has a circular shape 
with a diameter of atxxit 0.5 mm. are formed on the 4s 
periphery of the semiconductor package at a pitch P of 
about 1 mm. 

That is, this semiconductor package can be consid- 
ered to have the 6 x 6 array of contacts to be located in 
the center of the semiconductor package of FIG. 1 omit- so 
ted. 

In this case as well, the contacts 19 are placed sym- 
metrically with respect to the center a of the semicon- 
ductor package. 

FIG. 72 shows a semiconductor package according 55 
to an eleventh embodiment of the present invention, 
which features the way the contacts 1 9 are arranged. 

When viewed from above the semiconductor chip, a 
tata\ of 96 contacts, each of which has a circular shape 
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with a diameter of about 0.5 mm, are formed on ttie 
periphery of the semiconductor package at a pitch P of 
atx)ut 1 mm. 

That is, this semiconductor package can be consid- 
ered to have the 5x5 array of contacts to be located in 
the center of the semiconductor package of FIG. 1 omit- 
ted. 

In this case as well, the contacts 1 9 are placed sym- 
metrically with respect to the center a of the semicon- 
ductor package. 

Claims 

1. A semiconductor package characterized by com- 
prising: 

a semiconductor chip (10) having a semicon- 
ductor substrate (11 }, a plurality of pads (1 2} formed 
above said semiconductor substrate, and a first pas- 
sivating film (13) formed over an entire surface of 
said semiconductor substrate and having openings 
(14) above said pads, and the surface of said first 
passivating film being flat; 

a plurality of interconnection lines (15) 
formed on the surface of said first passivating film 
(13), each of said interconnection lines being con- 
nected to a respective one of said pads (12); 

a second passivating film (16) formed over 
the entire surface of said first passivating film (13) 
and having through holes (1 7) each located above 
a respective one of said interconnection lines, said 
through holes t>eing arranged in the form of an array 
and the surface of said second passivating film being 
flat: and 

a plurality of contacte (19) for connection to 
external leads, each of said contacts being formed 
within and at>Qve a respective one of said through 
holes (17) and said contacts being arranged in the 
form of an array. 

2. TTie semiconductor package according to claim 1 , 
characterized in that said plurality of pads (12) is 
placed along the edges of said semiconductor sub- 
strate (11). 

3. The semiconductor package according to claim 1 , 
characterized in that said plurality of pads (12) is 
placed evenly over the entire surface of said semi- 
conductor substrate (1 1). 

4. The semiconductor package according to claim 1 , 
characterized in that the edges of said semiconduc- 
tor substrate (1 1 ) coincide with the edges of said first 
passivating film (13). 

5. The semiconductor package according to claim l , 
characterized in that the edges of said first passivat- 
ing film (13) exist inside the edges of said semicon- 
ductor substrate (11). 
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6. The semioonductor package according to claim 5, 
characterized in that a groove (60) is formed in por- 
tions of said semiconductor substrate (11) between 
the edges of said first passlvating film (13) and the 
edges of said semiconductor substrate (11). 

7. The semiconductor package according to claim 1. 
characterized in that each of said interconnection 
lines (1 2) is made of one of conductors including alu- 
minum arKt copper. 

8. The semiconductor package according to claim 1 , 
characterized in that said second passivating film 
(16) functions as a package and has a thickness in 
the range of 0.05 to 0.2 mm. 

9. "me semiconductor package according to claim 1 . 
characterized in that the edges of said second pas- 
sivating film (16) are rounded off. 

10. The semiconductor package according to claim 1, 
characterized in that each of said first and secorxj 
passivating films ( 1 3, 1 6) Is made of one of i nsulating 
materials including silicon oxide and silicon nitride. 

11. The semiconductor package according to claim 1, 
characterized in that, when viewed from above said 
semiconductor substrate (1 1), said contacts (1 9) are 
placed symmetrically with respect to the central 
point of said second passivating film (16). 

12. The semiconductor package according to claim 1, 
characterized in that said contacts (19) are placed 
evenly ever the entire surface of said second passi- 
vating film (16). 

13. TTie semiconductor package according to claim 1, 
characterized in that said contacts (19) are placed 
along the edges of said second passivating film (16). 

14. The semiconductor package according to claim 1, 
characterized in that, when viewed from above said 
semiconductor substrate (11), each of said contacts 
(19) has a circular shape. 

15. The semiconductor package according to claim 1. 
characterized in that, when viewed from above said 
semiconductor substrate (11), said semiconductor 
substrate (11) has a square shape and measures 
13.5 mm on a side, each of said contacts (19) has 
a circular shape v^th a diameter of 0.5 mm, and the 
pitch of said contacts is 1 mm. 

16. The semiconductor package according to claim 1, 
characterized in that each of said contacts (19) is 
made of one of conductors including copper, gold, 
nickel, and a two-layered structure of nickel and 
gold. 
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17. The semiconductor package according to daim 1, 
further comprising solder bails (53) each formed on 
a respective one of said contacts (19). 

5 18. The semiconductor package according to daim 1, 
characterized in that each of said contacts (19) is 
made of a metal layer (31) formed on the bottom and 
sides of a corresponding one of said through holes 
(17) and a plated layer (32) formed on said metal 

10 layer (31). 

19. The semiconductor package according to claim 18, 
characterized in that said metal layer (31) is made 
of at least one of metals induding titan, nickel and 

15 palladium, and said plated layer (32) is made of one 
of conductors including copper, gold, nickel, and a 
two-layered structure of nickel and gold. 

20. A method of manufacturing a semiconductor pack- 
so age characterized by comprising the steps of: 

forming a plurality of pads (12) on each of 
semiconductor chip areas (C) of a wafer (51); 

forming a first passivating film (1 3) onto said 
semiconductor chip area (C) to overlie said pads 
25 (12); 

forming openings (14) in portions of said first 
passivating film (13) which are located above said 
pads (12): 

forming a plurality of interconnection lines 
30 (15) onto said first passivating f ilm ( 1 3) . each of said 
interconnection lines being connected to a respec- 
tive one of said pads; 

forming a second passivating film (16) func- 
tioning as a package onto said first passivating film 
35 (13); 

forming through holes (1 7) in portions of said 
second passivating film (16) which are located 
above said interconnection lines, said through holes 
being arranged in the form of an array; 
40 forming contacts (1 9) for connection to exter- 

nal leads within and above said through holes (17); 
and 

cutting said wafer (51) into said semiconduc- 
tor chip areas (C) to thereby form a semiconductor 
45 package substantially the size of a semiconductor 
chip area. 

21 . The method according to claim 20, characterized by 
further comprising tiie step of flattening the surface 

so of said first passivating film (13) immediately after 
the formation of said first passivating film. 

22. The method according to claim 20, characterized by 
further comprising the step of flattening the surface 

55 of said second passivating film (16) immediately 
after tiie formation of said second passivating film. 

23. The method according to claim 20, characterized by 
further comprising the step of carrying out heat treat- 
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merrt on said semiconductor package after the for- 
mation of said semiconductor package to rourxl off 
the edges of said second passivating film (16). 

24. The method according to daim 20, characterized by s 
further comprising the step of forming a solder ball 
(53) on each of said contacts (19) for connection to 
external leads. 

25. The method according to daim 20, characterized by io 
further comprising the step of etching said first pas- 
sivating film (13) to leave said first passivating film 
only within said semiconductor chip areas (C) of said 
wafer, arxl characterized in that the edges of said 
first passivating film are placed inside the edges of 'is 
said semiconductor chip area. 

26. The method according to claim 20, characterized in 
that said contacts (19) are formed by the steps of: 

forming a conductive layer (18) within and 20 
above said through holes and on said second pas- 
sivating film (16); and 

patterning said conductive layer. 

27. The method according to claim 20, characterized in 2S 
that said contacts (19) are formed by the steps of: 

forming a metal layer (31) on the bottom and 
sides of said through holes (1 7) and on said second 
passivating film (16): 

forming a resist layer (4 1 } on said metal layer 30 

(31): 

removing portions of said resist layer (41) 
located over said through holes (17) to form second 
openings (42) over said through holes, said second 
openings being greater in diameter than said 3S 
through holes; 

forming a plated layer (32) within said through 
holes (1 7) and said second openings (42) by means 
of electroplating using said metal layer (31 ) as a plat- 
ing electrode; and 4o 

removing said resist layer (41). 

28. The method according to daim 20, characterized by 
further comprising the step of forming a third open- 
ing (43) for voltage application at an edge portion of 45 
said wafer (51 ) simultaneously witii the formation of 
said second evenings (42) , and characterized in that 
the electroplating is carried out by applying a voltage 

to said metal layer (31) at the bottom of said third 
opening. so 
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